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ABSTRACT 

We  report  a quantum  chemical  studies  of  structural , FT-IR , charge  density , energy  gap  and  switching 
behaviour  of  a single  molecular  4,4' -Diamino octafluorobipheny l (DAF)  molecule.  The  HF  and  DFT  calculations  with 
B3LYP/6-311G**  basis  sets  were  used  to  determine  ground  state  gas  space  molecular  geometries  ( bond  lengths  and  bond 
angles ),  electron  density  and  bonding  features  of  this  molecule.  We  find  that  the  molecular  conformation  ( switching 
behavior)  varies  dramatically  DFT  method  compare  with  TD-DFT  method,  which  suggests  that  this  system  has  potential 
application  as  a molecular  device.  The  HOMO-LUMO  gap  calculated  from  quantum  chemical  calculations  have  been 
compared  with  the  value  calculated  from  the  density  of  states  and  the  values  are  ~ 5.021  eV  and  4.166  eV  for  DFT  and 
TDDFT  method.  The  negative  electrostatic  potential  (ESP)  is  concentrated  solely  around  the  F atoms,  whereas  in  the 
rest  of  the  region  a positive  ESP  to  dominate.  We  hope  that  the  ideas  put  forward  here  will  facilitate  bridging  the  gap 
between  theory  to  design  a novel  molecular-switching  materials. 
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INTRODUCTION 

The  molecular  switches  that  behave  as  key  units  in  various  optoelectronic  devices  and  smart  materials, 
can  specifically  switch  the  physical  and  chemical  properties  between  two  or  more  states,  when  stimulating  with 
light,  electrochemical  or  chemical  reagents  [1,2].  In  the  past  years,  the  visionary  concept  of  using  individual 
molecules  as  active  electronic  components  was  sketched  out  by  Arieh  Aviram  and  Mark  Ratner  [3].  In  the  recent 
literatures,  molecular  switches  on  surfaces  have  been  intensely  investigated  and  research  efforts  have  been  devoted 
to  exploring  the  properties  and  device  opportunities  of  single  molecules  [4].  Depending  on  the  properties  of  the 
molecules,  they  can  be  switched  by  changing  conformations,  dipole  orientations,  spin  states,  charge  states,  or  even 
bond  formation  [5-9].  From  such  molecules  to  be  used  as  electronic  components,  they  should  be  coupled  to  a 
support  substrate  and  wired  to  a molecular  circuit  without  suppressing  their  switching  performance.  Further, 
progress  in  chemical  synthesis  has  created  a broad  range  of  switches  and  motors,  measuring  and  understanding  the 
physics  and  chemistry  of  switching  molecules  have  proved  more  challenging  [10-12].  Fundamental  experimental 
and  theoretical  studies  of  a broad  range  of  molecular  switches  and  motors  have  laid  the  groundwork  for  early 
applications  in  molecular  devices  [13]. 
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In  general,  changes  in  the  physical  or  chemical  properties  of  the  molecular  switch  are  closely  related  to  alterations 
of  the  molecular  structure.  In  this  sense,  those  derived  from  conformational,  configurational  and/or  oxidation- state  changes 
have  been  need  extensively  studied  [14].  The  quantum  chemical  calculations  have  been  used  recently  to  explain  the 
mechanism  of  molecular  based  devices  [15].  They  are  very  helpful  in  understanding  the  relationship  between  the 
confirmation  and  charge  transport  properties  of  a wide  range  of  organic  molecular  switches  [16-17].  The  number  of 
theoretical  studies  on  the  structural  properties  of  organic  compounds  is  increasing  day  by  day  [2].  The  polyfluoroaromatic 
compounds  have  high  optical  transparency  and  thermal  stability,  in  this  context  4,4'-Diaminooctafluorobiphenyl  molecule 
is  one  of  the  important  switch  behaviour  molecule,  because,  which  is  due  to  the  absence  of  hydrogen  atoms  and  to  the  fully 
aromatic  molecular  structure  [18]. 


F F F F 


Figure  1:  Chemical  Structure  of  4,4’-Diaminooctafluorobiphenyl  (44DF)  Molecule 

The  main  objective  of  this  investigation  is  to  calculate  the  conformational,  bond  topological  properties,  such  as 
electron  density  p(r),  the  Laplacian  of  electron  density  V2pbcp(r),  the  energy  density  distribution  and  HOMO-LUMO  energy 
gap  and  the  electrostatic  properties  of  the  title  compound  by  DFT  method  by  using  B3LYP/6-31G(d,p)  level  of  theory. 
However,  literature  survey  reveals  that  to  the  best  of  our  knowledge,  the  quantum  chemical  calculations  for 
4,4'-Diaminooctafluorobiphenyl  have  not  been  reported  so  far.  Therefore,  the  present  investigation  using  DFT  methods  of 
calculations  along  with  theoretical  characterization  of  FT-IR,  FT-Raman  spectra  were  undertaken  to  study  the  vibrational 
spectra  and  various  normal  modes  with  greater  wave  number  accuracy.  HOMO-LUMO  analysis  have  been  carried  out  to 
elucidate  the  information  regarding  energy  gap  and  charge  transfer  within  the  molecule. 

COMPUTATIONAL  DETAILS 

To  obtain  the  exact  geometry  and  the  electronic  parameters  of  the  4,4'-Diaminooctafluorobiphenyl  (DAF) 
molecule,  a minimum  energy  structure  optimization  is  carried  out  from  the  HF  and  B3LYP  level  of  theories  with  the  basis 
sets  6-3 11G**  [19]  using  Gaussian03  program  [20].  All  the  geometry  optimizations  were  performed  via  Berny  algorithm 
with  the  threshold  of  0.00045,  0.0003,  0.0018  and  0.0012  au  for  the  maximum  force,  root  mean  square  force  (RMS), 
maximum  displacement  and  RMS  displacement  respectively.  Here  all  these  quantum  chemical  calculations  were 
performed  for  various  levels  of  theories  in  structural  (bond  lengths),  bond  topological  (electron  density  pbcp(r),  Laplacian  of 
electron  density  V2pbcp(r)  and  the  electrostatic  properties  of  the  molecule,  using  Bader’s  theory  of  “Atoms  in  Molecules” 
(AIM),  further,  the  bond  topological  and  the  electrostatic  properties  have  been  calculated  from  the  EXT94b  routine 
incorporated  to  the  AIMPAC  software  [21-23].  The  Laplacian  of  the  electron  density  and  deformation  density  maps  were 
plotted  using  DENPROP  and  wfn2plots  program  package  [24].  The  HOMO-LUMO  and  electrostatic  potential  (ESP)  maps 
were  plotted  using  GVIEW  [20].  The  density  of  states  (DOSs)  has  been  calculated  from  GaussSum  program  package  [25]. 
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RESULTS  AND  DISCUSSIONS 

Structural  Aspects 

Figure  2 (a,b)  shows  the  optimized  structure  of  4,4'-Diaminooctafluorobiphenyl  molecule  in  DFT  and  TD-DFT 
methods  and,  its  geometric  parameters  are  presented  in  Table  1 and  2.  This  molecules  exhibit  C2/C i chemical  symmetry. 
The  bond  distances  predicted  by  HF/6-31 1G**  method  are  found  to  be  consistently  shorter  than  the  DFT/TD-DFT  methods 
(Table  1).  The  C-C  bond  lengths  calculated  from  HF  method  ranged  from  1.371  A to  1.385  A and  the  average  value  is 
1.380  A,  interstingly,  the  calculated  C-C  bond  distances  in  DFT  is  almost  equal,  and  its  average  value  is  1.398  A.  Further, 
the  TD-DFT  method  predicts  the  C-C  distances  for  the  that  ranged  from  1.386  A to  1.402  A and  the  average  value  is  1.394 
A,  it’s  found  all  the  C-C  bond  distance  is  slightly  longer  than  the  distance  predicted  experimental  methods  and  the 
difference  is  0.0105  A.  The  HF  and  DFT  method  predicts  a bridge  bond  C(5)-C(7)  bond  distance  is  almost  equal  (~  1.480 
A)  on  compared  with  the  TD-DFT  method  (1.386  A).  This  results  reveals  that  the  switching  behaviour  of  4,4'- 
Diaminooctafluorobiphenyl  molecule.  Notably,  DFT  and  TD-DFT  methods  found  slightly  longer  distances  for  the  C-N 
(-1.392  A and  -1.446  A)  bond  respectively,,  as  it  was  found  to  be  -0.013  A lesser  when  calculated  from  HF  calculations. 
Notably,  the  C-F  distances  (1.341  to  1.352A)  found  by  DFT  are  significantly  shorter  than  the  HF  predicted  value  (-1.320 
A).  The  C-H  bond  distances  calculated  from  all  levels  of  calculations  are  in  the  range  of  1.083  A-1.122  A. 


(a)  (b) 

Figure  2:  Shows  the  Optimized  Structure  of  4,4’-Diaminooctafluorobiphenyl 
(A)  B3LYP  (Ground)  And  (B)  TD/DFT 

The  bond  angles  C12-C7-C5-C4  and  C8-C7-C5-C6  in  the  centre  of  C5  atom  and  their  bond  angles  are  -122.0° 
for  DFT  methods  and  C12-C7-C5-C4  and  C8-C7-C5-C6  in  the  centre  of  bond  angles  are  -179.0°  respectively.  Which 
confirms  that  these  methods  indicating  that  the  switching  behaviour  of  44DF  molecule.  So  the  title  compound  has  good 
conjugation.  The  bond  angles  of  C-C-C  in  benzene  ring  lies  in  the  range  of  115-120°  signifying  all  the  carbon  atoms  are 
sp2  hybridized  which  are  in  agreement  with  the  literature  value. 

Table  1 


Bond  length  (A) 

HF 

B3LYP(G) 

TD-DFT 

Exp 

C(l)-C(2) 

1.385 

1.398 

1.386 

1.384(5) 

C(l)-C(6) 

1.371 

1.383 

1.402 

1.373(4) 

C(2)-C(3) 

1.385 

1.398 

1.386 

1.396(4) 

C(3)-C(4) 

1.371 

1.383 

1.386 

1.376(4) 

C(4)-C(5) 

1.384 

1.398 

1.386 

1.393(4) 

C(5)-C(6) 

1.384 

1.398 

1.400 

1.373(4) 

C(5)-C(7) 

1.484 

1.478 

1.386 

1.478(4) 
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Table  1:  Contd., 

C(1)— F(1) 

1.327 

1.352 

1.390 

1.355(5) 

C(3)-F(4) 

1.326 

1.352 

1.563 

1.310(4) 

C(4)-F(3) 

1.314 

1.341 

1.563 

1.355(4) 

C(6)-F(2) 

1.314 

1.341 

1.410 

1.368(4) 

C(2)-N(2) 

1.375 

1.378 

1.446 

1.407(4) 

C(7)-C(8) 

1.384 

1.398 

1.428 

1.384(5) 

C(7)-C(12) 

1.384 

1.398 

1.386 

1.396(4) 

C(8)-C(9) 

1.371 

1.383 

1.476 

1.376(4) 

C(9)-C(10) 

1.385 

1.398 

1.448 

1.393(4) 

C(10)-C(ll) 

1.385 

1.398 

1.410 

1.373(4) 

C(ll)-C(12) 

1.371 

1.383 

1.412 

1.373(4) 

C(8)-F(7) 

1.314 

1.341 

1.410 

1.355(5) 

C(9)-F(8) 

1.327 

1.352 

1.340 

1.368(4) 

C(ll)-F(6) 

1.327 

1.352 

1.320 

1.368(4) 

C(12)-F(5) 

1.314 

1.341 

1.418 

1.355(4) 

C(10)-N(l) 

1.375 

1.378 

1.446 

1.407(4) 

Table  2 


Bond  Angle  (°) 

HF 

B3LYP 

TD-DFT 

C(2)-C(l)-C(6) 

121.5 

121.7 

121.0 

C(2)-C(l)-F(l) 

118.5 

118.1 

120.0 

C(6)-C(l)-F(l) 

120.0 

120.2 

119.0 

C(l)-C(2)-C(3) 

116.7 

116.5 

120.0 

C(l)-C(2)-N(2) 

121.6 

121.7 

120.0 

C(3)-C(2)-N(2) 

121.6 

121.7 

120.0 

C(2)-C(3)-C(4) 

121.5 

121.7 

120.0 

C(2)-C(3)-F(4) 

118.5 

118.1 

121.5 

C(4)-C(3)-F(4) 

120.0 

120.2 

118.5 

C(3)-C(4)-C(5) 

121.9 

121.9 

120.0 

C(3)-C(4)-F(3) 

118.4 

118.3 

99.7 

C(5)-C(4)-F(3) 

119.7 

119.8 

140.3 

C(4)-C(5)-C(6) 

116.4 

116.3 

121.1 

C(4)-C(5)-C(7) 

121.8 

121.8 

120.0 

C(6)-C(5)-C(7) 

121.8 

121.9 

118.9 

C(l)-C(6)-C(5) 

121.9 

121.9 

117.9 

C(l)-C(6)-F(2) 

118.3 

118.3 

100.2 

C(5)-C(6)-F(2) 

119.8 

119.8 

142.0 

C(5)-C(7)-C(8) 

121.8 

121.8 

117.4 

C(5)-C(7)-C(12) 

121.8 

121.9 

120.0 

C(8)-C(7)-C(12) 

116.4 

116.4 

122.6 

C(7)-C(8)-C(9) 

121.9 

121.9 

118.6 

C(7)-C(8)-F(7) 

119.7 

119.8 

145.9 

C(9)-C(8)-F(7) 

118.4 

118.3 

95.5 

C(8)-C(9)-C(10) 

121.5 

121.7 

115.0 

C(8)-C(9)-F(8) 

120.0 

120.2 

119.6 

C(10)-C(9)-F(8) 

118.5 

118.1 

125.3 

C(9)-C(10)-C(ll) 

116.7 

116.6 

125.5 

C(9)-C(10)-N(l) 

121.6 

121.7 

116.2 

C(ll)-C(10)-N(l) 

121.6 

121.7 

118.2 

C(  1 0)-C(  1 1 )-C(  1 2) 

121.5 

121.6 

116.6 

C(10)-C(ll)-F(6) 

118.5 

118.1 

120.1 

C(12)-C(ll)-F(6) 

120.0 

120.2 

123.4 

C(7)-C(12)-C(ll) 

121.9 

121.9 

121.7 

C(7)-C(12)-F(5) 

119.7 

119.8 

118.3 
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Table  2:  Contd., 

C(ll)-C(12)-F(5) 

118.4 

118.3 

120.0 

Torsion  Angle  (°) 

C(6)-C(l)-C(2)-C(3) 

-0.3 

-0.5 

0.0 

C(6)-C(  1 )-C(2)-N  (2) 

177.1 

176.8 

-179.4 

F(  1 )-C(  1 )-C(2)-C(3) 

179.6 

179.6 

-179.4 

F(l)-C(l)-C(2)-N(2) 

-2.9 

-3.1 

1.1 

C(2)-C(l)-C(6)-C(5) 

0.4 

0.6 

0.0 

C(2)-C(l)-C(6)-F(2) 

-179.5 

-178.9 

-179.4 

F(  1 )-C(  1 )-C(6)-C(5) 

-179.6 

-179.5 

179.4 

F(l)-C(l)-C(6)-F(2) 

0.5 

1.0 

0.0 

C(  1 )-C(2)-C(3)-C(4) 

0.0 

-0.1 

0.0 

C(l)-C(2)-C(3)-F(4) 

-179.3 

-178.9 

-179.4 

N(2)-C(2)-C(3)-C(4) 

-177.5 

-177.4 

179.4 

N(2)-C(2)-C(3)-F(4) 

3.3 

3.8 

0.0 

C(2)-C(3)-C(4)-C(5) 

0.3 

0.6 

0.0 

C(2)-C(3)-C(4)-F(3) 

-179.4 

-178.8 

-179.4 

F(4)-C(3)-C(4)-C(5) 

179.6 

179.4 

179.4 

F(4)-C(3)-C(4)-F(3) 

-0.1 

0.0 

0.0 

C(3)-C(4)-C(5)-C(6) 

-0.3 

-0.5 

0.0 

C(3)-C(4)-C(5)-C(7) 

179.8 

179.5 

179.4 

F(3)-C(4)-C(5)-C(6) 

179.4 

178.8 

179.1 

F(3)-C(4)-C(5)-C(7) 

-0.5 

-1.1 

-1.5 

C(4)-C(5)-C(6)-C(l) 

0.0 

-0.1 

0.0 

C(4)-C(5)-C(6)-F(2) 

179.9 

179.5 

179.1 

C(7)-C(5)-C(6)-C(l) 

179.8 

179.9 

-179.4 

C(7)-C(5)-C(6)-F(2) 

-0.3 

-0.6 

-0.3 

C(4)-C(5)-C(7)-C(8) 

-63.1 

-58.0 

0.0 

C(4)-C(5)-C(7)-C(12) 

117.1 

122.1 

179.4 

C(6)-C(5)-C(7)-C(8) 

117.1 

122.1 

179.4 

C(6)-C(5)-C(7)-C(12) 

-62.8 

-57.9 

-1.1 

C(5)-C(7)-C(8)-C(9) 

179.8 

179.5 

179.4 

C(5)-C(7)-C(8)-F(7) 

-0.5 

-1.1 

0.5 

C(12)-C(7)-C(8)-C(9) 

-0.3 

-0.5 

0.0 

C(  1 2)-C(7)-C(8)-F(7) 

179.4 

178.8 

-178.9 

C(5)-C(7)-C(12)-C(l  1) 

179.8 

179.9 

-179.4 

C(5)-C(7)-C(  1 2)-F(5) 

-0.3 

-0.6 

1.1 

C(8)-C(7)-C(12)-C(l  1) 

0.0 

-0.1 

0.0 

C(8)-C(7)-C(  1 2)-F(5) 

179.9 

179.5 

-179.5 

C(7)-C(8)-C(9)-C(10) 

0.4 

0.6 

0.0 

C(7)-C(8)-C(9)-F(8) 

179.6 

179.4 

-179.4 

F(7)-C(8)-C(9)-C(10) 

-179.4 

-178.8 

179.4 

F(7)-C(8)-C(9)-F(8) 

-0.1 

0.0 

0.0 

C(8)-C(9)-C(10)-C(l  1) 

0.0 

-0.1 

-0.1 

C(8)-C(9)-C(  1 0)-N(  1 ) 

-177.5 

-177.4 

-179.5 

F(8)-C(9)-C(10)-C(l  1) 

-179.3 

-178.9 

179.3 

F(8)-C(9)-C(10)-N(l) 

3.3 

3.8 

-0.1 

C(9)-C(  1 0)-C(  1 1 )-C(  1 2) 

-0.3 

-0.5 

0.1 

C(9)-C(10)-C(l  1)-F(6) 

179.6 

179.6 

-179.3 

N(l)-C(10)-C(l  1)-C(12) 

177.1 

176.8 

179.5 

N(l)-C(10)-C(l  1)-F(6) 

-2.9 

-3.1 

0.1 

C(10)-C(l  1)-C(12)-C(7) 

0.4 

0.6 

0.0 

C(10)-C(l  1)-C(12)-F(5) 

-179.6 

-178.9 

179.5 

F(6)-C(l  1)-C(12)-C(7) 

-179.6 

-179.5 

179.3 

F(6)-C(l  1)-C(12)-F(5) 

0.5 

1.0 

-1.2 
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ELECTRON  DENSITY  DISTRIBUTION 

Figure  3 (a,b),  depicts  the  deformation  density  of  the  molecule  calculated  from  the  wave  function  obtained  from 
DFT  and  TD-DFT  calculation.  The  deformation  density  map  shows  the  aspherical  nature  of  the  electron  density  of  atoms 
in  molecules,  which  allows  visualizing  the  areas  of  charge  accumulation  in  the  bonding  regions  and  the  lone  pair  positions 
of  atoms  in  molecules  [26].  The  deformation  map  of  4,4'-Diaminooctafluorobiphenyl  molecule  reveals  the  covalent  nature 
of  bonds  from  the  continuous  region  of  charge  density  distribution  of  the  molecule.  A complete  spectrum  of  charge  density 
distribution  obtained  from  the  bond  topological  analysis  of  4,4'-Diaminooctafluorobiphenyl  is  presented  in  Table  3.  The 
electron  density  pbcp(r)  at  the  bcp’s  of  Car-Car  bonding  regions  (2.908  eA'3)  are  considerably  less  when  compared  with  the 
TD-DFT  methods  and  the  value  is  —1.151  eA'3.  The  difference  of  pbcp(r)  values  among  the  bonds  of  the  ring,  reflect  the 
effect  of  substituent’s  (N  and  F atoms)  in  the  ring.  The  DFT  studies  predicted  that  the  high  electron  density  at  BCP  comes 
at  C-F  bonds  in  both  methods  found  almost  equal  and  the  average  value  is  -1.695  eA'3for  each  bond  which  comes 
approximately  same  with  the  experimentally  predicted  density.  Figure. 3 (a,b)  shows  the  lone  pair  of  F-atoms. 


(b) 


Figure  3:  Theoretical  Static  Deformation  Density  Maps  (a)  DFT  and  (b)  TD-DFT  of  44DF  Molecules. 
The  Deformation  Density  Contours  Levels  were  Drawn  at  +0.05  eA'3,  Positive  Contours  are 
Solid  Line,  Zero  Dashed  Line  and  Negative  Contours  Dotted  Line 
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The  bond  ellipticity  [27],  8 = (A^A^-l)  is  defined  as  the  measure  of  anisotropy  of  electron  distribution  at  BCP, 
where  X\  and  X2  are  the  negative  eigen  values  of  Hessian  matrix  [32].  The  high  ellipticity  value  indicates,  the  large 
anisotropy  of  bonding  density  pbcp(r)  and  hence  a strong  deviation  from  7r-type  bond  character  [27].  The  ellipticity  of  C-F 
bonds  of  DFT  and  TD-DFT  methods  are  found  small  and  the  value  ranges  0.04-0.36,  indicates,  that  the  bond  densities  are 
highly  isotropic.  Both  methods  predicted  a large  £-values  for  C(5)-C(7)  bonds,  shows,  the  densities  are  highly  anisotropic, 
and  the  trend  is  same  in  C-N  bonds. 


Table  3:  Bond  Topological  Properties  of  44DF  Molecule  (First  Line 
Indicates  DFT  Second  Line  TD-DFT  Level  Theory) 


Bonds 

PbcD(r)a 

V2  Pbcn(r)b 

ec 

V 

A*" 

V 

di 

d2 

D 

C(l)-C(2) 

2.098 

-20.90 

0.31 

-16.42 

-12.50 

8.02 

0.704 

0.695 

1.399 

2.151 

-22.05 

0.31 

-16.99 

-12.93 

7.87 

0.678 

0.709 

1.387 

C(2)-C(3) 

2.098 

-20.90 

0.31 

-16.42 

-12.50 

8.02 

0.696 

0.704 

1.399 

2.137 

-21.82 

0.31 

-16.76 

-12.80 

7.73 

0.718 

0.669 

1.388 

C(5)-C(4) 

2.078 

-20.33 

0.31 

-15.94 

-12.18 

7.79 

0.669 

0.729 

1.398 

2.070 

-20.29 

0.30 

-15.60 

-11.99 

7.29 

0.722 

0.666 

1.389 

C(3)-C(4) 

2.172 

-22.25 

0.41 

-17.62 

-12.51 

7.88 

0.691 

0.693 

1.385 

2.177 

-22.37 

0.37 

-17.56 

-12.87 

8.06 

0.687 

0.701 

1.388 

C(6)-C(5) 

2.079 

-20.34 

0.31 

-15.95 

-12.18 

7.79 

0.729 

0.669 

1.398 

2.017 

-19.11 

0.30 

-15.10 

-11.62 

7.61 

0.677 

0.727 

1.403 

C(5)-C(7) 

1.748 

-15.00 

0.08 

-12.07 

-11.21 

8.28 

0.739 

0.739 

1.478 

2.121 

-22.51 

0.15 

-16.21 

-14.15 

7.84 

0.686 

0.700 

1.386 

C(l)-C(6) 

2.171 

-22.24 

0.41 

-17.61 

-12.51 

7.88 

0.691 

0.693 

1.385 

2.139 

-21.56 

0.35 

-17.23 

-12.75 

8.43 

0.691 

0.712 

1.403 

C(3)-F(4) 

1.696 

4.01 

0.06 

-10.99 

-10.36 

25.37 

0.452 

0.899 

1.352 

1.148 

-4.03 

0.04 

-7.24 

-6.98 

10.18 

0.927 

0.637 

1.563 

F(l) — C(l) 

1.695 

4.01 

0.06 

-10.99 

-10.35 

25.35 

0.900 

0.452 

1.352 

1.600 

-2.71 

0.04 

-10.03 

-9.67 

16.99 

0.476 

0.914 

1.390 

C(9)-F(8) 

1.748 

4.37 

0.04 

-11.82 

-11.32 

27.51 

0.893 

0.447 

1.340 

1.867 

-15.74 

0.36 

-14.38 

-10.54 

9.19 

0.747 

0.730 

1.477 

F(2)-C(6) 

1.750 

3.73 

0.02 

-11.81 

-11.62 

27.16 

0.892 

0.449 

1.341 

1.567 

-5.66 

0.04 

-9.55 

-9.40 

13.28 

0.502 

0.909 

1.411 

N(2)-C(2) 

2.091 

-22.03 

0.12 

-15.79 

-14.14 

7.90 

0.842 

0.536 

1.378 

1.826 

-16.73 

0.11 

-13.35 

-12.04 

8.66 

0.608 

0.838 

1.446 

C(7)-C(8) 

2.078 

-20.33 

0.31 

-15.94 

-12.18 

7.79 

0.669 

0.729 

1.398 

1.904 

-16.84 

0.30 

-13.91 

-10.67 

7.75 

0.752 

0.678 

1.430 

C(8)-C(9) 

2.172 

-22.25 

0.41 

-17.62 

-12.51 

7.88 

0.693 

0.691 

1.385 

1.696 

4.02 

0.06 

-11.00 

-10.36 

25.38 

0.452 

0.899 

1.352 

C(10)-C(9) 

2.098 

-20.90 

0.31 

-16.42 

-12.50 

8.02 

0.696 

0.704 

1.399 

1.902 

-16.81 

0.31 

-14.38 

-10.96 

8.53 

0.720 

0.729 

1.449 

C(12)-C(7) 

2.079 

-20.34 

0.31 

-15.95 

-12.18 

7.79 

0.729 

0.669 

1.398 

2.112 

-21.15 

0.31 

-16.26 

-12.43 

7.54 

0.675 

0.712 

1.387 

C(12)-C(ll) 

2.171 

-22.23 

0.41 

-17.61 

-12.51 

7.88 

0.693 

0.691 

1.385 

2.045 

-19.45 

0.40 

-16.24 

-11.54 

8.33 

0.705 

0.710 

1.415 

C(ll)-C(10) 

2.098 

-20.91 

0.31 

-16.43 

-12.50 

8.02 

0.704 

0.695 

1.399 

2.047 

-19.88 

0.30 

-15.89 

-12.09 

8.10 

0.706 

0.705 

1.410 

C(10)-N(l) 

2.091 

-22.03 

0.12 

-15.79 

-14.14 

7.90 

0.536 

0.842 

1.378 

1.816 

-16.64 

0.16 

-13.27 

-11.49 

8.13 

0.852 

0.594 

1.446 

F(6)-C(ll) 

1.696 

4.03 

0.06 

-10.99 

-10.36 

25.38 

0.899 

0.452 

1.352 

1.820 

7.13 

0.06 

-13.03 

-12.32 

32.48 

0.439 

0.881 

1.320 

F(5)-C(12) 

1.750 

3.74 

0.02 

-11.81 

-11.62 

27.17 

0.892 

0.449 

1.341 

1.538 

-6.29 

0.03 

-9.51 

-9.21 

12.42 

0.503 

0.915 

1.418 

C(8)-F(7) 

1.751 

3.74 

0.02 

-11.83 

-11.64 

27.21 

0.449 

0.892 

1.341 
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Table  3:  Contd., 

1.559 

-5.53 

0.03 

-9.53 

-9.28 

13.28 

0.909 

0.502 

1.411 

C(4)-F(3) 

1.751 

3.73 

0.02 

-11.83 

-11.64 

27.20 

0.449 

0.892 

1.341 

1.150 

-2.83 

0.00 

-6.98 

-6.95 

11.09 

0.918 

0.648 

1.565 

N(1)-H(2A) 

2.299 

-39.27 

0.05 

-31.08 

-29.48 

21.29 

0.740 

0.249 

0.988 

2.168 

-34.89 

0.07 

-28.63 

-26.86 

20.60 

0.256 

0.753 

1.009 

H(2B)-N(1) 

2.299 

-39.28 

0.05 

-31.08 

-29.49 

21.29 

0.249 

0.740 

0.988 

2.170 

-34.81 

0.07 

-28.63 

-26.85 

20.67 

0.752 

0.257 

1.009 

H(2B)-N(2) 

2.299 

-39.27 

0.05 

-31.07 

-29.48 

21.29 

0.249 

0.740 

0.988 

2.155 

-33.63 

0.08 

-28.22 

-26.18 

20.77 

0.749 

0.260 

1.009 

H(1A)-N(2) 

2.299 

-39.26 

0.05 

-31.07 

-29.48 

21.29 

0.249 

0.740 

0.988 

2.154 

-33.75 

0.08 

-28.25 

-26.23 

20.74 

0.259 

0.750 

1.009 

Electron  density  (eA-3),  b Laplacian  of  Electron  density  (eA'5),  cBond  ellipticity,  dHessian  eigen  values  (eA'5),  di  and  d2 


are  the  distances  in  A between  CP  and  respective  atoms  of  the  bond  in  A. 

Frontier  of  HOMO-LUMO  Energy  Gap  and  Electrostatic  Potential 

The  conjugated  molecules  are  characterized  by  a highest  occupied  molecular  orbital-lowest  unoccupied  molecular 
orbital  (HOMO-LUMO)  separation,  which  is  the  result  of  a significant  degree  of  intermolecular  charge  transfer  (ICT) 
from  the  end-capping  electron-donor  to  the  efficient  electron  acceptor  group  through  ^-conjugated  path  [28-30].  The 
HOMO  is  the  orbital  that  primarily  acts  as  an  electron  donor  and  the  LUMO  is  the  orbital  that  largely  acts  as  the  electron 
acceptor,  and  the  gap  between  HOMO  and  LUMO  characterizes  the  molecular  chemical  stability  [30].  The  energy  gap 
between  the  HOMO  and  the  LUMO  molecular  orbitals  is  a critical  parameter  in  determining  molecular  electrical  transport 
properties  because  it  is  a measure  of  electron  conductivity  The  HOMOs  are  localized  mainly  on  the  benzene  ring  system 
[30]. 


(a)  HF/6-311G** 
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(c)  TD-DFT 

Figure  4:  DOS  of  4,4’-Diaminooctafhiorobiphenyl  Molecule  for 
(a)  HF/6-311G**  (b)  B3LYP/6-311G**  and  (c)  TD-DFT 

The  calculated  frontier  orbital  energies  HOMO  and  LUMO  and  energy  gaps  between  HOMO  and  LUMO  are 
shown  in  Figure  4.  The  computed  energy  values  of  HOMO  and  LUMO  in  gas  phase  are  1 1.32  eV  [HF/6-31 1G**];  5.02  eV 
[B3LYP/6-311G**]  and  4.16  eV  [TD-DFT],  respectively.  The  energy  gap  values  are  presented  in  Table  3.  The  energy  gap 
between  HOMO  and  LUMO  determines  the  kinetic  stability,  chemical  reactivity,  optical  polarizability,  and  chemical 
hardness- softness  of  a molecule.  The  HLG  decreases  from  11.32  eV  to  4.16  eV.  This  variation  is  also  confirmed  from  the 
spectrum  of  density  of  states  (DOS)  [Figure.4].  Seemingly,  the  significant  decrease  of  HLG  may  facilitate  large  electron 
conduction  and  switching  behaviour  through  the  molecule. 


(b)  B3LYP/6-311G** 


DOS  spectrum 

Occupied  orbitals 

Virtual  orbitals 
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Table  4:  Frontier  of  Molecular  Orbital  Energies  of 
4,4 1 -Diaminooctafluorobiphenyl  Molecule 


Methods 

HOMO 

LUMO 

Energy  Gap  (eV) 

HF/6-311G** 

-8.702 

2.618 

11.320 

B3LYP/6-311G** 

-6.112 

-1.090 

5.021 

TD/DFT 

-6.177 

-2.011 

4.166 

One  of  the  important  applications  of  this  work  is  to  derive  the  molecular  electrostatic  potential  (ESP)  of  this 
isolated  molecule  and  to  identify  the  strong  electronegative  and  positive  regions  in  the  space  of  the  molecule  [31].  Figure  8 
shows  the  isosurface  representation  of  ESP,  obtained  from  B3LYP/6-311G**  level  calculation.  Both  negative  (red)  and 
positive  (blue)  regions  of  this  property  are  plotted  at  ±0.5  eA'3  isosurface  values.  It  is  clear  from  Figure  5 that  the  negative 
ESP  is  concentrated  solely  around  the  F atoms,  whereas  in  the  rest  of  the  regions  positive  ESP  dominates.  From  these 
results,  we  can  say  that  the  H atoms  indicate  the  strongest  attraction  and  F atom  indicates  the  strongest  repulsion.  The  MEP 
calculations  have  been  done  to  predict  the  polarization,  electron  correlation  and  charge  transfer  effect  within  the  molecule. 


Figure  5:  Isosurface  Representation  of  ESP  of  4,4’ -Diaminooctafluorobiphenyl  Molecule. 

Blue:  Positive  Potential  (+0.5  Ea"3),  Red:  Negative  Potential  (-0.5  Ea"3) 

VIBRATIONAL  ASSIGNMENTS 

Vibrational  unearthly  assignments  of  the  watched  groups  of  44DF  have  been  made  as  per  the  position,  shape, 
nature  and  relative  powers  and  are  performed  on  the  tentatively  recorded  FT-IR  and  FT-Raman  spectra  in  light  of  the 
hypothetically  anticipated  Wave  numbers  by  HF  and  DFT  strategy  with  premise  set  6-3 11G  (d,p).  44DF  has  26  particles 
and  in  this  manner  it  has  72  ordinary  methods  of  vibrations.  Hypothetically  figured  frequencies  of  both  infrared  and  Raman 
frequencies  together  with  trial  information  of  the  44DF  atom  are  introduced  in  Table  4. 

Solid  trademark  assimilations  because  of  the  C - X (F,  Cl,  Br,  I)  band  are  affected  by  neighbouring  particles  or 
bunches  and  the  littler  halide  molecule  is  more  impacted  by  the  neighbouring  iota.  The  C - F bond  is  the  most  grounded 
and  is  generally  short  because  of  its  incomplete  ionic  character.  The  quality  of  the  bond  increments  furthermore 
abbreviates  as  more  fluorine  iotas  are  joined  to  a similar  carbon  particle.  Generally  extremely  exceptional  C - F extending 
vibrations  show  up  in  the  recurrence  run  1360-1000  cm'1  [32,33].  Sun  et  al.  [2]  detailed  that  the  trifluoroacetic  corrosive 
shows  C - F extending  vibrations  at  1244  and  1182  cm'1.  In  the  present  review,  the  FT-IR  groups  at  1350,  1120  and  1000 
cm'1  and  the  FT-Raman  groups  at  1111  cm'1  are  seen  as  C - F extending  vibrations.  The  registered  Wave  numbers  of  these 
vibrations  harmonize  well  with  the  test  assignments.  The  C-F  torsion  and  out  plane  bowing  of  FT-IR  and  FT-Raman  range 
sees  at  1580  and  1578  cm1.  The  C-C-C  bending  [34-36]  groups  dependably  happen  around  600  cm'1  in  the  present  work 
groups  saw  at  650  and  600  cm'1  in  FTIR  range  and  at  640,  580  and  430  cm'1  in  FT  Raman  are  relegated  to  C - C - C 
bending  modes. 
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Figure  6:  FT-IR  Spectrum  of  44DF  Molecule 


CONCLUSIONS 


The  quantum  chemical  calculations  were  performed  to  understand  the  important  bonding  features  and  transport 
properties  of  the  4,4'-Diaminooctafluorobiphenyl  molecule  using  Bader's  AIM  theory.  Optimized  geometrical  parameters 
of  the  4,4'-Diaminooctafhiorobiphenyl  molecule  have  been  calculated  and  compared  with  different  methods.  Importantly, 
the  bond  topological  analysis  indicates  that  aromatic  Car-Car  bonds  are  much  stronger  than  the  other  bonds  in  the 
molecule.  Moderate  bond  densities  were  noticed  at  the  BCPs  of  the  C-N  and  C-0  bonds,  but  it  does  not  lie  in  inter-nuclear 
axis.  The  ellipticity  of  ring  C-C  bonds  are  found  to  be  small  compared  with  other  bonds  in  the  molecule;  it  clearly 
indicates  C-C  bond  is  71-bond  in  nature.  Further,  the  HOMO  and  LUMO  orbitals  have  been  visualized  and  their  energy  gap 
value  is  4.40  eV.  The  MEP  map  shows  that  the  negative  potential  sites  are  on  electronegative  atoms  while  the  positive 
potential  sites  are  around  the  hydrogen  atoms:  This  difference  may  be  attributed  to  the  group  charge  effect.  These 
observations  give  an  insight  on  this  kind  of  switching  molecule,  which  are  useful  to  design  navel  electronic  devices. 
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